
UNCLASSIFIED

AD NUMBER

AD911536

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies only; Test and Evaluation; MAY
1973. Other requests shall be referred to
Department of the Air Force, Directorate
of Operational Requirements and
Development Plans, Attn: RDQSD,
Washington, DC 20330.

AUTHORITY

USAF ltr, 14 Jan 1974

THIS PAGE IS UNCLASSIFIED



DEFENSE DIVISION NOTE

SDDN 73-2

QUICK EVALUATION COMPUTER MODELS

FOR AIR DEFENSE

May 1973

Victor V. Gogolak D D C

DISTRIBUTION LIMITED,

to U.S. Government agencies only: test and evaluation:
May 1973. Other requests for this document must be
rWearred to Hq USAF (AF/RDQSD)/

ANALYTIC SERVICES INC. (ANSER)



This Division Note reports research sponsored by the Directo-
iatea (q, Operatiomal Requirements and Development Plans,
DIS, Rewarch and Development, liq USAF, under Contract
F4h4620-09-C-O014. It does not necessarily represent the
opinion of anyone other than the author and the Division
Manager. It may be withdrawn at any time.

ANsER is an independent, nonprofit research corporation established in 1958.
The Corporation contributes to the security and public welfare of the United
States by performing systems analysis, operations research, and development
planning studies. Its principal mission has been and is to satisfy the con-
tinuing need of the United States Air Force for objective and timely research
studies of advanced systems. ANS-R also p!rformns some research for other
Government agencies and nonprofit organizations. In addition, ANSER con-
ducts a small program of self-sponsored research in the public interest.



DEFENSE DIVISION NOTE

DDN 73-2

QUICK EVALUATION COMPUTER MODELS

FOR AIR DEFENSE

May 1973

Victor V. Gogolak

Approved by

R. S. Tiumm, Manager

DISTARIUTION LIMITED
Wo U.S. GoWn""rn* 1n9ftcies O"IIv; 1! arnd ih"uslion.
MaV 1973. Othie r*•mt for this documiit must IN410twl,, to 11tj USAF 1DOQSO).

Analytic Services Inc. (ANSER)
5613 Leesburg Pike, Falls Church, Virginia 22041



ABSTRACT

This Note discusses three time-sharing computer programs

that are quick tools for air defense engagement analysis.

The programs are based on a Monte Carlo method. The model

MONTYX evaluates air defense interceptor configurations by

determining their effectiveness against a bomber cell in

the terminal phase of an intercept. The model DLMNTY expands

the capability of MONTYLX to a situation where two bomber

types are contained within the bomber cell. The results are

bomber probabilities of survival for various interceptor-to-

bomber ratios. The model TOOTH involves penetration by four

types of bombers-two carrying gravity weapons and two carry-

ing standoff weapons. The defense is provided by two types

of interceptors in two waves. In the first wave, only raid

count by cell is provided. The second wave assumes that "

bomber count has been made and standoff weapons have been

launched. The results indicate the numbers of bombers of

each type surviving each wave of defense as well as the num-

ber of standoff weapons launched and those which survive the

second wave of defense.
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I
I. INTRODUCTION

Models developed for air defense engagement analysis

range from the exponential interceptor/bomber (I/B) formulas

to massive and expensive simulations of the strategic air war.

Some of these examine enemy penetrations of U.S. air defenses

and others examine U.S. bomber penetration.

The models presented here have been in use for over

five years and have not grown in complexity or sophistica-

tion. That is not their purpose. They are quick tools

which fill the gap between the formulas and the war game

simulations. As analytic tools, they all require a certain

amount of homework to establish the inputs. In this way,

some fairly detailed analyses can be made, with the programs

taking the burden of the calculations.

The programs are written in XBASIC and can be run on

any time-sharing computer system having an XBASIC compiler.

All programs are based on a Monte Carlo method. This allows

programs to handle such problems as imperfect commitment

with only a few decision statements. Closed form solutions

are not used.

Applications have varied from paramet- ;c analysis of

the probability of detection and conversion (Pc) and probabil-
DC

ity of kill (P ) for interceptors to assessment of equivalent
K

megatonage (EMT) delivered on targets in massive exchanges.

A fair amount of "art" is involved in setting up the inputs

to allow the analyst close control of the games.
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II. SINGLE WAVE BOMBER INTERCEPTOR MODEL-MONTYX

A. Purpose

The purpose of the model called MONTYX is to evaluate

air defense interceptor configurations (aircraft, missiles,

and fire control systems) by determining their effectiveness

against a bomber cell in the terminal phase of an intercept.

B. Assumptions

The bombers and interceptors involved in the interaction

are assumed to have the same configuration; i.e., the bombers

represent identical targets and the interceptors have the

same values for probabilities of detection and conversion

and of kill. The simulation begins after initial detection

has taken place; the interceptors are assigned to bombers

on a random basis. The group of interceptors may make any

specified number of passes (P) against the bomber cell and

are assumed to carry at least P weapons. An interceptor

may fire one weapon per pass but retains its weapon if it

has been assigned to a bomber already killed. The model is

run for various interceptor/bomber ratios. The game may be
played many times to improve statistics. The number of times

the game is played is specified in the input and the results

are averaged.

C. Proqram Descr•iption

1. Input

When the program is run, the following numbers are

requested from the user:
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0 Number of passes (P)

* Probabilities of detection and conversion and of
kill for each pass: "l" P(DC), P(K); "12" P(DC), P(K).

* Interceptor-to-bomber ratios-low, high, and step
size Il, 12, 19, where Ii is the lowest I/B ratio
and 12 is the highest ratio and 19 is the increment
which steps the game from Il to 12. For example,
(11, 12, 19) = (1, 2, .5) would indicate that the
game would be run for I/B = 1, 1.5, 2.

* Loop size (Ml)-which indicates the number of times
the game is to be played; the final results are the
averages of the Ml games.

2. Simulation

The simulation begins after the inputs are specified by

the user. The model assigns a number to each bomber. On

each pass, each interceptor is randomly assigned to a bomber;

that is, an interceptor randomly chooses a bomber to attack.

This bomber has not been killed on a previous pass but could

have been killed wrlier in the same pass by another intercep-

•ur. The bomber is considered killed or not killed by a

random choice based on the probabilities of detection and

conversion and of kill involved. At the end, the total num-

ber of bombers surviving is tallied. After the specified

number of passes, some interceptors (those which did not

convert on a target during one or more of the passes) will

still have weapons. These are left unused. The model pro-

vides a number of runs based on the interceptor-to-bomber

ratios (I/B) and prints out the bomber probability of survival

(PS) corresponding to the I/B ratio.

$ 3



3. Output

The output consists of the initial conditions of the

game (specified by the user) and the bomber (P_) for the

various I/B ratios.

4. .coing

& Program List for MONTYX

* Instructions for MONTYX

* Variable List for MONTYX
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PROGRAM LIST FOR MONTYX

100 DIM FCSO)pB(10)
110 PRINT "NUMBER OF PASSESVJ
120 INPUT P
130 FOR PI=I TO P
140 PRINT "PASS"JPIJ"P(DC)*PCK)?";

S"150 INPUT D(PI)&LCPI)
160 NEXT PI
170 PRINT "I/S RANGE (LgW#HIGHSTEP)?"3
180 INPUT 1112#19
182 PRINT 'L81P SIZE?"I
184 INPUT Mi
198 FOR uv10*R1 TO 10*12 STEP 10*19
200 SaO
230 FOR Jvl TO HI
240 FOR Kai TO 10
250 B(K)wl
260 NEXT K
270 81glO
280 FOR Kul TO P
290 F1R K2-0 TO I
300 F(KI)V0
310 NEXT ki
320 FOR Kl-t TO I
390 W RND(O)*0(9) THEN 34 0
340 L2ElNTtXO*RNDCO(M1)
350 IF 9R(K0)u THEN 340
360 F(X1)*H2
430 NEXT KI
430 FER Kl-l TO I
390 I. FS(k)"0 THEN 460

! ~400 LET X,,r'(MI )
41 4(ý IF BCX)wO THEN 460

420 IF RND)O)*L(K) THEN 460
430 9(X)R O
440 PR 8INl
450 IF NT-O ATHEN 510
460 NEXT X1
410 NEXTH K
490 S-S'91

510 NEXT J
590 PRINT t/1O*S./,(lO,*!)
53-0 NEXT I
S40 PRINT
SW0 PRINY "'ANOTHER GAME?"!
560 INPUT as
570 If aSe"YES" THEN I lO
1000 END



INSTRUCTIONS FOR MONTYX

100 Dimensions the bomber and interceptor arrays.

110-184 Input section; values of variables are requested and
entered from the terminal.

110-120 Number of passes.

130-160 Loop indexed by number of passes for entering

probabilities of detection and conversion and
of kill for each pass.

170-180 I/B range.

182-184 Loop size for iteration of games for each I/B.

198-530 Outer loop indexed for I/B.

200 Sum of surviving bombers is set to 0.

230-510 Iteration loop for better statistics.

240-260 Bomber array is set to 1 (all bombers alive).

270 Total bombers in a game initialized to 10.

280-470 PASS LOOP.

290-310 Interceptors initialized to 0.

320-370 interceptor assignment loop.

330 Check if detection and conversion occur,

V 340 Pick a random number, 1-10. and assign
an interceptor to that bomber.

350 If bombe. is dead, pick another number.

360 Set interceptor array to bomber number.

370 NZXT ASSIGNMENT.

380-460 ATTACK LOOP. Index by interceptor.

390 If interceptor unassigned, next interceptor

410 If bomber already killed, next interceptor.

S420 Check if kill occurs. (If not, next
interceptor.)

i! 6



430 Set bomber to 0.

440 Decrease total bombers by 1.

450 If all bombers in that game are dead,
begin next iteration.

460 NEXT ATTACK

470 NFXT PASS

490 Add surviving bombers to total survivo-2.

"510 NEXT ITERATION

520 Prints out I/b and probability of survival.

530 NEXT I/B

550-570 Check for another game.

580 END
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* VARIABLE LIST FOR MONTYX

F(*) Interceptor Array

B(*) Bomber Array

P1 Loop Index

K Loop Index

K1 Loop Index

I Loop Index

SJ Loop Index

1I1 Lowest I/B

12 Highest I/B

19 Step size for I/B

Ml Loop size

P Number of passes

D(*) Probability of Detection and Conversion Array

L(*) Probability of Kill Array

S Sum of surviving bombers within an I/B run

&'
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5. Sample Runs of MONTYX

NUMBER OF' PASSES?? 1

PASS I P(DC)*P(K)?? ,55.5
I/B RANGE (LOWPHIGH*STEP)?? .2.2..2
LOOP SIZE?? 100

.2 *98
*4 .913
.6 .878
.8 .837
Is .788
1a2 0737
1.4 ,728
1.6 *68'
1.8 -629
2* .611

ANOTHER GAME?? YES
NUMBER OF PASSES?? I
PASS I P(DC)#PCK)?? .7,,5
I/9 RANGE (L0WpHIGH#STEP)?? -2*25.2
LOOP SIZE?? 100

*2 *968
.4 .879
96 .815
*8 .786
1. .729
1.2 ,664
.14 .614
1.6 .61
1.8 ,*543
2. .506

ANOTHER GAME?? YES
NUMBER OF PASSES?? I

PASS I P(DC)#P(K)?? .5.?7
1/9 RANGE (LOW*HIGH*STEP)?? *2#2..2

LOOP SIZE?? 100
.2 ,965
.4 .908
*6 .835
.8 ,782
.• o724

1.2 -681
1.4 .623
1.6 .575
1ea .566
2g • 6532

ANOTHER GAME?? YES

9



NUMBER OF PASSES?? 3

PASS I P(OC)&P(K)?? *7*.*7

PASS 2 PCDC)*P(K)?? .6..6
PASS 3 PCOC)*PCKfl? *5&.5
1/8 RANGE (L0W&HIGH.,STEP)?? *2*2**2
LOOP SIZE?? 100

4.2 P89A

.4 .679
:6 .497
48 .346

a. .202

1.4 5..SOOGOE-02
1.6 2 .20000E-02
1.8 1000000E-02

2. 4*OOOOOE-03

ANOTHER GAME?? NO
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III. SINGLE-WAVE DUAL BOMBER-INTERCEPTOR M4ODEL-DLMNTY

A. Purpose

The purpose of DLMNTY is to expand the capability of

?4ONTYX to consider a situation wherein two bomber types are

contained within the bomber cell.

B. Program Description

I. Simulation-Input-Output

The assumptions and operation of DLMNTY are identical

to those of HONTYX; the only differences are in the input

and output.

The following numbers are requested as input from the

user.

- P = number of passes.

0 W bomber scaling factor. For example, W = 2
indicates there are twioe as many bombers of type
A as of type B.

* Loop size M, which indicates the number of times the
game is to be played.

, Probabilities of detection and conversion and of kill
F ifor each pass against each bomber type.

0 Interceptor-to-bomber ratio-low, high, and step
size. I7, 19, and 18, where I7 is the lowest I/B
ratio, 19 is the highest ratio, and 18 is the incre-
ment which steps the game from 17 to 19.

The output consists of the initial conditions of the games

(specified by the user) and the probabilities of survival

(Ps) for the total bomber cell as well as the PS for each

bomber type.

16



2. CodinQ

. Program List for DLMNTY

*i Instructions for DLMNTY

* Variable List for DLMNTY

t1
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PROGRAM LIST FOR DLMNTY

100 DIM F(200).B(50)
110 DIM AC50)
120 PRINT "WHAT ARE PASSES* BOMBER SCALE FACTOR& AND LOOP SIZE?";
130 INPUT P#WpMI
140 IF" P=O THEN 1010

150 PRINT "NEW PROBABILITIES ARRAY?(YES-1*NO-0)"!
160 INPUT Y

170 IF Y=O THEN 220
180 FOR P1=1 TO P

190 PRINT "PASS"jPI)"P(DC).P(K) (BOMBER A)pP(COC),P(K) (80MBER 8)"s
200 INPUT C(PI),t4Pl).0(PI).LCP1)
210 NEXT P1
220 PRINT "I/B RANGE CLOWPHIGHPAND STEP)?")
230 INPUT 17,19PI8

240 PRINT TAB(IO)I"I/3"ITAB(25)j"PR03AgILITY OF SURVIVAL'"
250 PRINT TASC29);"ALL BOMBERS TYPE A TYPE 3"

310 FOR II7*10*(W+I) TO 19*10*(W+I) STEP I8*i0*C.(w)
3U0 S-0
330 T=O
340 FOR Jul TO MI
350 FOR Kw! TO 10
360 9(K)ul
370 NEXT K
380 FOR K-I TO 10*W
390 ACX)=I
400 NEXT K
410 B131O
420 A1eW*10
4 30 FOR KoI TO P
440 FOR Rini TO I
450 F(KI)*O
460 NEXT KI
470 FOR KI=1 TO I

480 IF RND(0)>1/(C+W)THEN 545
485 IF BSlO THEN 600

490 IF PND(0)3D(K) THEN 600
510 k2=INTCl0*RND(0)+l)
520 IF B(K2)mO THEN 510
530 F(KI)=K2
540 GO TO 600

18



U
PROGRAM LIST-Continued

545 IF A1=0 THEN 600
550 IF RNO(O)PC(K) THEN 600

570 K3=INTCW*10*RND(O)*l)
580 IF A(K3)=0 THEN 570
590 FCKI )=I)00+K3

600 NEXT KI

610 FOR K~I= TO I

620 IF F(Kl)=0 THEN 770
630 IF F(K)lO100 THEN 700

640 LET X=F(KI)

650 IF B(X)aO THEN 770

660 IF RND(O)z'L(K) THEN 770

670 13(X) '0
680 31=B)11

690 GO) TO 750
700 LET Z'C(Kl)-100
710 IF A(Z)=O THEN 170

720 IF RND(0)sM(K) THEN 770

730 LET A(Z)=O
740 AlcA-I1

750 IF Bt<%•0 THEN 770

760 IF A1=0 THEN 850

170 NEXT KI
780 NEXT K

800 SzS+B)
830 T-T*Aj

850 NEXT J
860 0 tt10*(l+W)
870 02tM1*0l,
880 03,10*Ml
890 04eW*03

900 PRINT.I0O0.wI/•I~cST)t/2sT/g4DS/0
3

V• 950 NEXT I

960 PRINT
970 PRINT
"960 PRINT
990 GO TO 120

1000 FMT F9.2#X24*V7,3&X6*F7*3#X6aF
7 * 3

1010 END

19



INSTRUCTIONS FOR DLMNTY

100-110 Dimension F, B and A.

120-230 Input Section.

120-130 Input number of passes for interceptors, bomber
scale factor (10 times V1 is number of bombers
of type A in each cell) and loop size,

140 If 0 was entered for P, then game is over and
program goes to END.

150-170 Program asks if a new probabilities array is to
be set up.

180-210 If YES, then a loop is set up, indexed by the
number of passes, to input the probabilities
of detection and conversion and of kill for
each of the two types of bombers.

240-250 Output headers.

310-950 Outer loop, indexed by I/B.

320-330 Sum of surviving bombers of each type set to 0.

340-850 Iteration loop indexed up to the specified loap
size.

350-400 both bomber arrays B and A are aot to I (all
bombers alive) .

410-420 B bomber total/cell set to 10; A bomber total
cell set to 10*W.( 430-780 PASS loop.

440-460 Interceptors initialized to zero.

¾ 470-600 Interceptor assignment loop.

480 Pick a random number and assign the
interceptor to the B or A type of
bomoer based on the ratio of the
bombers.

20



INSTRUCTIONS FOR DLMNTY-Continued

485 If type B all killed, next interceptor.

490 Check if a type B bomber is detected.

510-530 Randomly assign the interceptor to a
live type B bomber.

545 If type A all killed, next interceptor.

550 Check if a type A bomber is detected.

570-590 Randomly assign the interceptor to a
live type A bomber (I00 is added so that
the assignment can later check for
type A or B.

610-770 Attack loop.

620 If interceptor was not assigned, return
interceptor.

630 If assigned to type A, go to 700 (i.e., if
assignment number is over 100).

650 If bomber already killed, next interceptor.

"660 Check for kill (Monte Carlo).

670 Set bomber 0.

680 Decrease type B bomber total by 1.

700 Subtract 100 to discover the type A bomber
assigned to the interceptor.

710 If all killed, next interceptor.
720 Check for kill.
730 Set bomber ft 0.

740 Decrease type A total by 1.

750-760 Check if all bombers of each type killed.
If YES, exit to next iteration.,

770 End oi attack loop.

780 End of pass loop.

800-830 Add surviving bombers to respective totals, by
type.

21



INSTRUCTIONS FOR D'ý,NTY-Continued

850 Next iteration.

860-890 Calculation of output scaling factors determined
by W and Ml,

900 Print overall I/B, total probability of survival
P for each type.

s

950 Next I/B

990 Go to beginning to check for a new game.

1010 END.

22



VARIABLE LIST FOR DLMNTY

F (') Interceptor array

S(*) Type B bomber array

A(*) Type A bomber array

P Number of passes

W Scale factor for type A bombers

Ml Size of the iteration loop

Y Flag used to check for new probabilities array

P1 Pass index

D(*) Probability of Detection and Conversio". for
type B by pass

C(*) Probability of Detection and Conversion for
type A by pass

-L(*) ?robability of kill for type B by pass

.M(*) Probability of kill for type A by pass

17, 19, 18 Low, high, and step size of I/B ratio

S Total surviving bombers of type B (sunmmed after
each iteration)

T Total surviving bombers of type A (summed after
each iteration)

J, K, X1 Loop indices

SBI Total type B bombers in each cell

Al Total type A bombers in each cell

23



VARIABLE LIST FOR DLMNTY-Continued

K2, K3, X Dummy indices used in interceptor assignment

Ql Total bombers per cell

Q2 Total bombers used in all iterations

03 Total type B bombers used in all iterations

Q4 Total type A bortibers used in all iterations

24



3. Sample Runs of DLMNTY

WHAT ARE PASSES. BOMBER SCALE FACTORa AND LOOP SIZE?!l.2,100
NEW PROBABILITIES ARRAY?(YES-I,N0-O)?1
PASS I PCDC),P(K) (BOMBER A)*P(DC).P(K) (BOMBER B).5S.5..?7s.7
1/ RANGE (LOWHIGH#AND STEP)?! .2*2,-2

I/B PROBABILITY OF SURVIVAL
ALL BOMBERS TYPE A TYPE B

0 20 .940 .951 .918
.40 *878 .906 o823
.60 .814 0859 .724
* 80 .764 .809 .674

1.00 s728 .783 .619
1 .20 .667 .732 .538
1.40 ,625 -684 .508
1.60 .611 9691 #44"
1.80 .557 .633 .405
2*00 .525 .605 .366

WHAT ARE PASSES, BOMBER SCALE FACTOR* AND LOOP SIZE?I1,2•10O
NEW PROBABILITIES ARRAY?CYES-14NO-O)II
PASS I P(DC).P(K) (BOMBER A),P(DC)PP(K) (BOMBER B)t.71.7o5#s.5
1/9 RANGE (LOW*HIGH*AND STEP)?*.2,2..2

I/B PROBABILITY OF SURVIVAL
ALL 90MBERS TYPE A TYPE 8

.120 ,993 ,910 ,950
o40 *8.48 -817 .910
.60 .773 .739 .840
, 80 ,720 .673 .814

1.00 .660 •598 .783
1.20 -622 .562 0742
1.40 .576 .512 .705

,1.60 .528 ,449 ,686
I-SO ,496 .423 .645
2.00 .455 *373 ,617

'25
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WHAT ARE PASSES* BSMBER SCALE FACTOR* AND LOOP SIZE?12*2.100
NEW PRgBABILITIES ARRAY?(YES-IPNO-O)t1
PASS I P(DC)*P(K) (BOMBER A)*PCDC)*PCK) (BOMBER B)I.J5..5,.7.7
PASS 2 PCDC)*PCK) (BOMBER A)PP(DC)&P(K) (BOMBER B1.3*,.3..5..5
I/B RANGE (LOW#HIGHAND STEP)?! .2,2,*2

1/8 PRgBABILITY OF SURVIVAL
ALL BOMBERS TYPE A TYPE B

.20 0909 •9371 854

.40 o814 *867 .707
e60 .737 .806 .600
*80 .661 .729 .526

1.00 .579 .663 .409
1.20 -539 .651 .315
1.40 .474 .574 ,275
1.60 -433 .549 .201
1.80 .375 .494 .138

c 2.00 .343 .459 .110

WHAT ARE PASSES* BOMBER SCALE FACTOR# AND LOOP SIZE?IO*0.0

*The 0,0, 0 input designates exit from DLM4NTY.
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IV. TWO WAVE BOMBER-INTERCEPTOR MODEL-TOOTH

A. Purpose

The purpose of the TOOTH series of computer models is

to fill the gap between simple Monte Carlo models which

relate probabilities of I/B ratios and detailed simulation
3

models involving basing, C , geography, and operational

specifics. The TOOTH models can be used with basic inputs

for rapid excursions or for use with a manual war game to

exercise the random parts.

B. Basic Concept of TOOTH

The basic concept involves the penetration by four types

of bombers-two carrying gravity weapons and two carrying

standoff weapons (ASMs). Defense is provided in two waves

by two types of interceptors. For the first attack wave,

it is assumed that there is a degrading ECM environment and
3

the C only provides a raid count by cell number. The inter-

ceptors then attack by committing a certain number per cell.

In the second wave, it is assumed standoff weapons have been

4 launched and that a bomber count has been made. The weapons

of interceptor type 2 attack the ASMs and bombers as resources

allow. A tally is made of survivint] bombers at the end of

each wave and of the number of surviving ASMs of each type

after the second wave.

The program is a stylized war game because no geographi-

cal aspects are modeled. However, the operational aspects of

the game are accounted for in the inputs to the program. This
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manual "homework" is used to determine the number of intercep-

tors that can be brought to bear in the first wave, the kind

of weapons they carry, and such details as turn-around. For

example, type 1 interceptors can be added to the second wave

"pool" of interceptors to represent that fraction of inter-

ceptors that could be readied for the second wave attack.

Note that the bombers do not release ASMs until after the

first wave of interceptors has attacked. This is a rough

approximation of the geometric/geographic aspects of air

defense.

In this model, we consider ASMs to be attackable targets

"and allocate interceptors to the bombers and ASMs on a randat

basis.

C. Progr an Descri ption

1. Itnput

The following numbers are requested from the user to

run TOOTH:

0 Number of bomber cells (Type 1-4), C(1), C(2), C(3),
and C(4).

* Number of interceptors/cell and passes for the 1st
and 2nd wave (Il, P1, 12, P2), where Ii is the
number of interceptors of type 1 committed to each
cell on the 1st wave, P1 is the number of passes
of type 1 interceptors against the penetrators,
12 is the total number of interceptors of type 2
assigned to the bombers and ASM's for the 2nd wave,
and P2 is the number of passes the type 2 interceptors
make against the bombers and ASM's.
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The following probabilities are requested in this order:

. K(l,I), K(2,I), K(3,I), K(4,I), where I is the index
for the number of passes by type 1 interceptors on
the Ist wave. Therefore, K(3,2) would be the proba-
bility of kill of the type 1 interceptors against
type 3 bomber on the 2nd pass.

* L(I,I), L(2,I), L(3,I), L(4,I), where I is the index
for the number of passes by the type 2 interceptors
on the 2nd wave.

* K3, K4, where K3 is the PK of the type 2 interceptor
against the type 1 ASM and K4 is the PK of the type 2
interceptor against the type 2 ASM.

* R3, R4, where R3 is the probability of a successful
type 1 ASM launch and R4 is the probability of a
successful type 2 ASM launch.

The loop size Ml is to be specified and indicates the number

of times the game is to be played.

2. Simulation

The game is played Ml times to improve statistics; the

user specifies Ml each time. The results are averages of

these M1 games.

In each game, the bomber cells are chosen for attack,

one at a time. The number of bombers per cell is randomly

chosen between 1 and 10. The number of bombers surviving

the first wave of attack is accumulated. A bomber is con-

sidered killed or not killed by a random choice based on the

probability of kill involved. The number of interceptors

committed is already known, so the terminal engagement is

repeated until all passes have been made or all bombers are

killed. Surviving boaibevs of each type are tallied for LlI-

second wave.
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For the second wave, it is assumed that a count of the

surviving bombers of each type is known. Also, the number

of ASMs launched is known. The program allows those penetra-

tors which carried ASMs to continue with the raid for detec-

tion and interception. The program assumes ASMs could be

attacked from the total pool of type 2 interceptors. The

interceptors are uniformly committed to bombers and ASMs

for the specified number of passes till the supply is exhausted

or all bombers and/or ASMs are killed.

After the specified number of passes on the second wave,

the surviving bombers and ASMs are accumulated and the entire

game is reinitialized and is repeated until Ml runs have been

made.

3. Output

The output totals are averages from the M1 games. Since

* only cells were specified on input, the program ouputs the

average size of the raid in terms of total penetrators. It

is assumed that the averages of each bomber type are pro-

portional to the number of cells of each type.

The summary of results is:

-l number of b(ombers in attack and of each type (1-4)

-2 number of bombers surviving 1st wave of attack by
S!• type (1-4)

-3 number of bombers surviving 2nd wave of attack by

type (1-4)

-4 ASMs launched by bomber types I and 2

-5 ASMs surviving by types 1 and 2.
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I Program List for TOOTH

0 Instructions for TOOTH

0 Variable List for TOOTH
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PROGRAM LIST FOR TOOTH

100 DIM Z(10*10)*Y(10*10)*A(IO,10)*B(10,10)
1000 PRINT "NUMBER OF BOMBER CELLS(TYPES I TO 4)?"!
1010 INPUT C(1)*C(2),C(3)sC(4)

1020 PRINT "NUMBER INTERC/CELL AND PASSES* IST AND 2ND WAVE?"J
1030 INPUT I1,P1iI2,P2

_•1040 PRINT "NEW PROBABILITIES ARRAY (YES-tNO-2)?"#J

1050 INPUT Y
1060 IF Y=2 THEN 1300
1070 FOR l=1 TO PI
1080 PRINT "PASS"I3"IST WAVE P(K) VS EACH BOMBER TYPE?"J
1090 INPUT K(1,I)*K(2,I),K(3I),K*(4pI)
1100 NEXT I
1110 FOR 1=1 TO P2
1120 PRINT "PASS"IJ"2ND WAVE P(K) VS EACH BOMBER TYPE?";
1130 INPUT L(II),L(2*I)*L(3,I),L(4,I)
1140 NEXT I
1150 PRINT "P(K) VS ASM-SIST TYPE,2ND TYPE?";
1160 INPUT K3pK4
1190 PRINT "ASM LAUNCH RELIBILITY -IST TYPE*2ND TYPE?")
12U0 INFUT R3pRt
1300 PRINT "LOOP SIZE?";
1310 INPUT MI
1500 MAT B=ZER
1600 MAT A=ZER
1800 FOR M=1 TO M1
2060 NAT Z=ZER
2070 MAT YmZER
2100 FOR Tat TO 4
2105 IF C(T)=O THEN 2390
2110 FOR 1=1 TO C(T)
2120 B9=INT(IO*RND(0)+1)
2130 Z(T,3)=Z(T,3).B9
2135 IF I1=0 THEN 2370
2140 I=511
2200 FOR P=1 TO Pt
2210 IF B9L=I11 THEN 2300
2220 15=B9
2300 FOR L=I TO I5
2310 IF RND(O)>K(T#P) THEN 2350
2320 B9=89-1
2330 IF B9=0 THEN 2370
2350 NEXT L
2360 NEXT P
2370 Z(T*1)=Z(T,1)+B9
2380 NEXT I
2390 NEXT T
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PROGRAM LIST FOR TOOTH-Continued

2500 YC1.3)=INT(R3*Z(1,1))
2510 Y(2,3)=INTCR4*Z(2.1))
2520 Y(C.)u=Y(CI3)
2530 Y(C21)"Y(2,3)
2600 FOR Jul TO 4
2610 Z(JE2)xZ(J.1)
2700 NEXT J
2900 A9=YCI,!)+Y(2.1).Z(I.2)+Z(2s2)+Z(3*2).Z(4*2)
3000 FOR 1lu TO 12
3010 Q=INT(6*RND(0)+I)
3020 GOTg 3090#3190.3290.3390#3490.3590 ON Q
3090 IF Y(1*1)-O THEN 3010
3100 IF RND(O))K3 THEN 3700
3110 Y(1,1)mY(I,1)-l
3120 A9uA9-1
3130 80T0 3700
3190 IF Y(2,1)=O THEN 3010
3200 IF RND(O)>K4 THEN 3700
3210 Y(2.1)=Y(2*1)-1
3220 A9=A9-1
3230 GOT0 3700
3290 IF Z(C)2)=O THEN 3010
3300 IF RND(O)iL(C1.) THEN 3700
3310 Z(1.2)Z(t.2)-1
3320 A9xA9-1
3330 GOTO 3700
3390 IF Z(2#2)=0 THEN 3010
3400 IF RND(0)3,L(C2,) THEN 3700
3410 Z(2#2)aZ12,2)-1
3420 A9uA9-1

- 3430 GOTO 3700
. 3490 IF Z(3*2)=0 THEN 3010

3500 IF RNO(0)),L(3*1) THEN 3700
3510 Z,3&9)=Z(3,2)-1

•3 3520, 9*A =9•

3530 GOTO 3700•. 350 IF -f4o,'D)O T"H-N 3010

3600 IF R NDtO)>L(4.4I) THEN 3700
•l!36'10 Z(4o2)mZ( 4#2)'1

3 3620 0A9"049!- I
I;•:.3630 GOTOe 3700

3700 IP A9?O THEN 3800

3710 NEXT
I3800 FOR T= To 4~~3810 8 (Tp2) w8(T*r2 )+Z T*2 )

3820 e (T*3)xB (T*3,•+Z(Tv3).
3830 BT,)E(,)ZTI
38.40 NEXT T
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PROGRAM LIST FOR TOOTH-CLntinued

3850 A(CI3)=A(1,3)+Y(l,3)
3860 A(2*3)=A(2*3)+Y(2*3)
3870 A(.I)=A(1*!)+Y(1,1)

3880 A(2,1)=A(2.1)+Y(2,1)
3900 NEXT M
4000 8= CBCI3)+8(2, )÷B(3,3'i÷B(4,3))/MI
4010 A=(ACIs3)+A(2,3))/MI

. 5000 PRINT "TOTAL ATTACK SIZE BgMBERS"JBj"ASM-S"JA
5100 PRINT "ATTACK SIZE-BY BgMBER TYPE"
5110 PRINT 8(1 3)/MIJB(2.3)/MIJB(3,3)/MIB5(4.3)/MI
5200 PRINT "BOMBERS SURVIVING FIRST WAVE"
5210 PRINT 8(1.1)/Mi8(2.1)'Mi3B(3D1)/M)3B(4•1 )/M)
5300 PRINT "BOMBERS SURVIVING SECOND WAVE"
5310 PRINT B(1#2)/MIJB(2,2)/MIJB(3.2)/MIIB(4.2)/MI
5400 PRINT "ASM-S LAUNCHED-BY BOMBER TYPE"
5410 PRINT A()j.3)/MllA(2,.3)/Ml
5500 PRINT "ASM-S SURVIVING"
5510 PRINT A(1,l)/M1JA(2mu)/MH
7000 PRINT "END OF GAME? (YES-1)"i
7010 INPUT G
7020 IF Go) THEN 9999
7100 GOTO 1000
9999 END
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INSTRUCTIONS FOR TOOTH

1000 - 1310 Input Section.

1000 - 1010 The number of bomber cells for each type
of interceptor. NOTE: Types 1 and 2 are
ASM carriers.

1020 - 1030 Il is the number of type 1 interceptors per
cell committed in the final wave and P1 is
the number of passes made. 12 is the total
number of type 2 interceptors in the second
wave, since there are no "cells" in the
second wave. P2 are the number of passes
made by the type 2 interceptor.

1040 - 1200 If a new array is to be set up, then the
request is made for the probability of kill
of each interceptor against each bomber type
for each pass. Also, the program requests
the P and reliability of launch of each
ASM t~pe.

1300 - 1310 Number of iterations.

1500 - 1600 Bomber arrays are initialized to zero.

1800 - 3900 Outer iteration loop.

2060 - 2070 Bomber arrays zeroed for each iteration.

2100 - 2390 Raid Attack Loop (by type).

2105 If no cells of type T, next cell.

2110 - 2380 Cell Attack Loop (by # cells)

2120 Pick number 1 through 10 randomly for
numbers of bombers in the cell.

2130 Sum Bombers by type witiin iteration.

2135 If no interceptors/cell, skip attack.

2200 Pass Loop.

39



INSTRUCTIONS FOR TOOTH-Continued

2210 If more interceptors than bombers,
set number of interceptors to num-
ber of bombers left (2220).

2300 Interceptor Attack Loop.

2310 Check for Kill.

2320 If kill, decrease.

2330 Check for all bombers killed in
current cell.

2350 Next Interceptor.

2360 Next Pass.

2370 Sum bombers surviving first wave.

2380 Next Cell.

2390 Next Bomber Type.

2500 - 2510 Total ASM's launched (based on surviving
bombers and launch reliability).

2520 - 2530 Initialize ASM's for second wave.

2600 - 2700 Initialize borrbers for second wave.

2900 Total targets for second wave.

3000 Interceptor attack loop.

3010 Pick random number 1 to 6.

3020 Branch to subset of instructions depending
on targets.

3090 - 31301 Attacks on the two types of

3190 - 3230) ASMs.

"3290 - 3330 Attacks on the four types of
bombers. In each case, kill'•3390 -3430( o3390 - 3430 check is made, sum is decreased,

3490 - 3530 and exit to 3700.

3590 - 3630

3700 If all killed, go to sunwuarizing
section (3800).
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INSTRUCTIONS FOR TOOTH-Continued

3710 Next interceptor.

3800 - 3840 Total Bombers and those surviving each
wave are added to the total for all
iterations.

3850 3880 Total ASM's launched and those surviving
the 2nd wave are totaled for all iterations.

3900 Next Iteration.

4000 - 4010 Bombers and ASM's averaged.

5000 - 5510 Print out section.

7000 - 7100 Continuation request.

9999 END

''I

41



VARIABLE LIST FOR TOOTH

Z (**) Number of bombers for each iteration

B (**) Running total of bombers

Y (**) Number of ASM's for, each iteration

A (**) Running total of ASM's

NOTE: In the above arrays, the first position represents

the type of bomber or ASM. The second oosition designates

the situation as follows:

"-1 those which survive the first pass

-2 those which survive the second pass

-3 total at the start of the game.

Thus:

Z (3,2) is the number of bombers of type 3 which
survive the second pas-.ý for that iteration.

A (1,3) is the total number of ASM's of type .
which have baei-. launched in all iterations
up to that oolnt.

The A's and B's are the rlnning total-3 of thb individual Z's

and Y's. At the end of all iterations, they are averaged to

find the results of the "ave•ayn" game.

"C (') Number of cells of each type (1-4)

Il Number of irterceptorc/ceil comm...tted first wave

I X 12 Total numbf.r of interceptors second wave

P1 Number pat.ses first wave interceptors

P2 Number passes second wave interceptors

K(**) Kill probability irray for first wave; 1st position is
bomber type, 2nd position is pass.
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VARIABLE LIST FOR TOOTH-Continued

" ": L (") Same as K ("*) for second wave

- K3 P against 1st ASM type• k
K4 Pk against 2nd ASM type

R3 Reliability of launch of 1st ASM type

i R4 Reliability of launch of 2nd ASM type

* Ml LOOP size for iteration

T Bomber type

B9 Number bombers within the current cell

A9 Total targets for second wave
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5. Sample Runs of TOOTH

NUJmER OF" ROMRER CELLS(TYPES I TO 4)?? 15,10,15,10
NtIM3ER INTERC/CELL AND PASSES* ISf AND 2ND WAVE?? 33s,3O0O3
NEW, PROBABILITIES ARRAY (YES-1jNO-2)?? I
PASS I IST WAVE P(K) VS EACH 8M4ER TYPE?? .7..5,.7.S5
PASS 2 IST WAVE P(K) VS EACH 30ME, TYPE?? .6..4,.6..4
PASS I IST WAVE P(K) VS EACH 4OMrER TYPE?? *6..4,,6,1
PASS I 2ND WAVE P(K) VS EACH AO*3ER TYPE?? o6#.4..6..4
PASS 2 2ND WAVE P0X) VS EACH ROM3ER TYPe?? s5..3e.5..3
PASS 3 2ND WAVE PCX) VS EACH 8048ER TYPE?? *5,.3,.5,0
P(K) VS ASM'SP1ST TYPEs2ND TYPE?? .3.1l
ASM LAUJNCH RELIBILITY -IST TYPEo2ND tYPE?? 8.8.8
LOOCP SIZE?? 100
TOTAL ATTACK SIZE 40MB3ERS 268,14 ASM-S 33.61
ATTACK SIZE-iY ,OMBER TYPE
81.29 53.79 78.91 54.15

-omRE• S SJRVIVING FIRST WAVE
19.6 23!47 18.08 31.31

90MRERS SURVIVING SECOND WAVE
8.0000'E-0? P.88 .18 6.22

ASM-S LAUNCHEO-iY a0MBER TYPE
15.27 18.34

ASM-S SURVIVINGi
* 1.27 11.37

ENO OF GAME? (YES-I)? 0
NUM8E t~ 'R CeL (1YEFS I 'T 0)77 15#10#15#10

S* NuM:UMR INTEC/CELL AND PASSES, IST ANO 2NO WAVE?? 3,1,133*3
NEW PR14A8ILITIE3 ARRAY (YES-IN0-2)?? 2
.LOOP SIIE?? 100
TOTAL ATTACK SIZE 90M3ERS 274*92 ASM-S 76.15
ATTACK SIZE-BY 90MiER TYPE
82.8? 55.17 83.44 53.49

90MRERS SURVIVING FIRST WAVE
554.37 41.74 54.88 39.9

40MRERS SURVIVING SECOND WAVE
44,11 35.#37 44.81 33.22

ASM-S LAUNCNE0-dY t604dER TYPE
43.14 33.01

ASM-S SURVIVING
37e.6 31.11

ENO OF SAME? (YES-I)? 0
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NUivhBEf R~1 Oi3UW"'E CELL q(TYFb~.S I TO 4)?? 150IC 151
NU~.LEYR .NTF'&F/t:FLL At'D) PiASý.Ei I~j PNiq pi'vL, 6.AE?? 3,I oo.-1

NI-.Ro-l-L-I111ES Afkl-bAY (i-*~~?
L001-r SIZ.E?? C
TOTAL ATTA~CK SIZE.Ea'.S2t3 $- 75.31
£i'TTiACK 51hE-L:Y ~boE1k TYIPE

1 54.a67 93*56 54* 5ý
b~vb*P.S NLfRVIVlrqb ýIRSJ WAVE-

5/4- 19 0 9 54.97 1.5
bOeLJS SUfMV1VNL, SECJNrD VAVE.
4i4*14 34,211 As5.31 34

A~tM-," L.Al.'NCHFD-EhY b4?v.bFF TYF-E
42.95 3.

3'1-82 30064
FN1)W FLA~MP (YE.S-1)? 0

L 1Ui J ý b iiV* b E R U CELL S( 1 Y IES I Ti J)?? 15 1" 1'. 1C
OYOMA"bJA ik'qi bL./('ELL AND4i FASSb , 1 $1 *1'J.'P\i"' V VF ?? is,,IC ''~

e'vEW F'S JEMJBhIL1TIF- *4.Iiý ('i,-,9~?
LJOI, bE4E?? 100

Al1 'iL f I Gv SIZuF S WV.41\ I T.UEh 9*CEA-$ *7

b5. b991 h.S 4-57 bb.97
Wtv'E1WS SLWvI li,ý I1-- ~t AVik

4bobl 3-.1 4n1'i?(L5U

kPLI~iI C~.~ YL~S- I)? C
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V. EPILOGUE

The three models described in this Note have been in

use at ANSER for a number of years in many projects. Their

results have proved to be comparable with those of large-

scale simulations and expected-value models, even though

the large-scale simulations show much more detail and the

expected-value models less detail.

The three models are economical. Typical runs cost

only a few dollars. Many excursions have been run for

comparisons of interceptor missiles and fire control systems.

SThe keys to the results lie in the homework. Essentially,
these programs relieve the analyst of the bookkeeping associated

with a small war game and give him qiick feedback on varia-

tions of the input parameters.

There have been many modifications. The models, being

simple and short, allow room for imagination and variation.

IV
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